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(54) Clock recovery circuit for dota systems 

(57) In a receiver suitpble for high data optical communication system, a streoTn of dato bit signals, o.g. from a 
data slicor (22), fa applied a clock rocovery circuit (50) including an Fmpulse generator (52) for generating Impulse 
signals (108) from the bit stream. The impulse ggnerator includes for instance, a high epeed ECL NOB gate (5B) 
driven by mutually out-of-phase and relatively delayecl data (102, 104). The Impulse signals are eppUed, such as by 
way of a resistor and an input magnetic oouptlng loop (7B), to ring a coaxial cavity (70), The couplino loop allows 
the cavity to achieve high Q^so that the cavity oacillatesfora relatively long time. The coupling loop gIbo provides 
a path by which bias Is applied to the output of the NOR gate, to fulfill ECL biasing requirements. Tha cavity Q Is 
maintained hign by coupling signals from tho cavity by way of e second magnetic coupling loop (82). The 
oBcl nations from the second magnalic loop are applied to a recovery circuit output (CKof42) by way of a limlter 
(90), Cavities with probes rather than loops may also be used. 
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SPECIFICATION 

Clack Recovery Circuft For Data Systoms*: 

This Invention relates to data communication 
systems and more porrlcularlyto clock recovery 
5 cfrcuit for high data rate systonns. 

Binary data systenrrs transmit or store data rn the 
farm of one of two signal states. By comparison 
with analog signal transmission and storage 
systems/ binary data systems can be extremely 
1 0 reliable, btjcouse nolae Inherent fn signal procossing 
ordlncrlly does notaffactthesignal. A binary signal 
has the diaodvantage of requiring substanticHy 
greater bandwidth for a given amount of 
information than a corraspondlng analog signal. 
1 5 The dasirgble nofse Immunity properties of binary 
digits (bits) Is achieved by recognfeing only one of 
the two possible signal statos at any one time, This 
recognition requires Information relating to the time 
interval during which a bit occurs. For example, 
20 attempting to Identify a bit during the tranEftion 
between signal levels might result In substantial 
error In the recognition of the data. 

A technique which can be used to provide timing 
information Is to transmit a continuous clock signal 

25 overaslgnal path separate from the signal path of 
the data. This requiras two Jnterconnection channels 
or two Intarcon nectlon cables in the context of a 
wired communication system. In a fixed system for 
point-to-point communications this le a satisfactory 

30 solution, but may not be practical for network 
communication systems. In network systems, any 
one of a large number of stotions Interconnacted by 
a common bus may transmit data to the remaining 
stations for a short interval. This is termed e burst 

35 communication- Network communication systems 
involve many stations and many signal paths, and 
are often modified and added to. The use of two 
cables (one dcta cable and ona clockcabid) Instead 
of one complicates installation and modification of 

40 network communlcetlon systems. Furthermore. In 
order to have the clock signal arrivo gt a particular 
station with the proper phase relative to the data 
signal, opch member of the pairs of Intarconnection 
cables must have the same length. While trimming a 

45 single cable to the proper longth or providing a 
phase adjustment for a single receiver in a polnt-to" 
point communication system is not burdensome, 
tho trimming end phaso adjusting may be 
impractical in a large network systom which is 

50 subject to alteration. 

In order TO avoid the need for a second cable for 
distributing the clock signal, encoding methods 
such 06 Manchester (Bi-Phase) have been usod to 
encode the clock signal together with the data for 

55 transmission over a single channsK Each receiver 
includes circuits for identifying and extracting the 
clock signal from the data. A known method for 
extracting clock information from data signals is by 
the use of an oscillator controlled by a phaso lock 

60 loop responsive to transitions of the data signal. The 
relatively long time constant of the phase lock loop 
provided by the loop filter prevanCF the oscillator 
from drifting off froquoncy during those times when 
the data includes no transitions^ such as during a 



65 long string of logic high levels (hereinafter referred 
to simply as HIGH) and logic low levels (hereinafter 
LOWs), In network systems, howevefrQach station 
may transmit for a short period of time, and the 
clocks of tho various stations may not bo at exactly 
70 tho same phase, nor even at the samo frequency. 
The relatively alow slew rate of a phase locic loop, 
which is advantageous in the context of a 
continuous data transmission in preventing drifting 
off of frequency, has the disadvantage in a burst 
75 communication mode of producing clock signals at 
the wrong frequency or phase for long time afcerths 
initiation of the communication. When the clock 
signal Is not in tha correct frequency and phase, 
undesirable data communication errors may result. 
BO An other way of extracting □ clock from a data 
stream Is described !n the context of atelevfsion 
tctotflx data signal in U.S. Potent 4,222,1 17 issued 
Saptember9, 19ao,to Richard Bugg. This clock 
recovery circuit applies the data stream from a data 
85 slicerto on edge detector, and the edge signals are 
applied byway of a controlled switch to an 
inductanco-capacitanco (LC) tuned circuitto ring the 
tuned circuit and thereby create oscillations. The 
oscillations are applied by way of an amplitude 
90 limlter to clock the data decoder, in the Bugg 

arrangement a soparate control of the amplitude of 
the oscillqtiona is provided by operating the 
controlled switch to increase or decrease the 
excitation to prevent reduction In the quality (Q) of 
95 the tuned circuit due to overexcitation, and to 

prevent loss of clock signals due to self damping by 
the tuned circuit under adverse signal conditions. 

It Is anticipated that network data communication 
systems using fiber optic cables will In tho future 
1 00 operate at data rates which are in tho many hundred 
of mogabits per second (IVIblts/sDc]. At such data 
rates, the electrical signal produced by the 
photoelectric detector of each receiver must be 
routed by the use of transmission lines, properly 
1 05 I'ormlnated as required to prevent rcfloctiona. The 
Bugg arrangement may ba difficult to implement at 
such data rates. At frequencies in the hundreds of 
Mblts/scc. an LC tuned circuit has a rolctively low Q, 
and therefora tends to ring for a very short time. 
1 10 This tends to cause largo variations in amplitude or 
to completely extinguish the clock signal during 
intervals in which the data stream has a low clock 
. signal content. The low O of the tuned circuit is 
exacerbated by the relatively low impedance of the 
1 1 5 switching transistor coupled across the LC tuned 
circuit. 

According to the present invoncFon, a circuit for 
recovoring clock signals from a stream of digital 
data and capable of being designed to operate at 
1 20 data rates of hundreds of Mbits/eec and g roater, 

comprisea an Impulse generator which is coupled to 
receive a Etraam of bilovel data signals for 
generating impulse signals raprosentative of at least 
Eomo of the transitions of the digital data, and a 
125 recovery circuit coupled lo receive tha impulse 

signals for producing at its output the clock signals, 
which aro representative of these transitions in the 
impulse signal, The recovery circuit includes a 
resonant cavity, and thore are provided: Input 
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coupling means coupled between the Impulse 
.generator and the cavity for inducing a roaonflnt 
fieldln the cavity in response to the impulse signal; 
and an output coupJor. which \s used to couple the 
5, cavity and the circuit output the output coupler 
bolnfl responsive to the resonant field to manifest 
the clock signal. Because amplitude of the clock 
signal so-produced may vary fn rcsponse'to the 
information content of the data, there may be 
TO includedaddltlonaliy an amplitude stabilizer, which 
Is coupled batween the output coupler and the 
circuit output to stabilfzetha amplitude of the 
rocovered clock signal. • 
In the accompanying drawings: 
15 Figure 1 is a diagram partially in schematic and 
panrally in pictorial form of an opticsl data receiver 
embodying the invention. 

F(gur0^2 is an isometric view, partrally cut away, of 
a caylty suitable for usafn the arrangement of 
20 Figure 1; and 

• Rguro 3 is a cross-aectional view of an alternative 
suitable form of cevlty. 

_ In Figure l/a fiber optic cable 1 0 couples a light 
signal modulated with digital signal illustrated as 1 2 

2S to a photodetactor 14 which converts the light gignal 
into an amplitude modulated electrical signal. The 
electrical signal from detector 14 is AC coupled by a 
capacitor 1 6 and a preamplifier 17 to an input 
terminal 1 S of a comparato r 20 wh fch is part of a 

30 data sifcer designated generally as 22. Data 6lfcer22 
includes a peak detector designated generally as ?A 
whrch includes a diode 26, b capacitor 2S and a 
buffer amplifier 30* Peak detector 24 produces a 
signal representative of the peak value of the signal 

3 B at the output of preamplifier 1 7. The peak detected 
signal la applied from, the output of buffer 3D by way 
of a low pass filter 32 to a voltage divider designated 
generajly'as 34 which divides the slgha I by two to 
produce on conductor 36 a voltage representative of 

40 half the'peaksignal value, which Is applied to input 
terminal 35 of comparator 20 as.a reference slicing 
level. 

The output signal from data sllcer 22 is applied to 
a data decision circuit designated generally as 40 

-45 which includes a D-type flip-flop 42 which receives 
•the sliced data signal nt Its D input terminal and a 
phase corrected clock signal at its clock (CK) input 
terminal forsampling the data signal and holding ft 
• forthe duration of a bit Interval to produce the data 

50 signal. Tho outputsignal from data slicer 22 Is also 
applied to a clock recovery circuit designated 
generally ea 50. Clock recovery circuit 50 includes an 
impulse generator designated generally as 52. The 
data is applied to the input terminal of a para phase 

55 amplifiar or phaseeplfiter 54 of gisnorator 52. 

Amplifier 54 may be one-half typ.e 11C0T ECU dual 
OR/NOR integrated circuit which produces on its 
noninverting output a aighel arbitrarily illustrated as 
1 02, The corresponding inverted output is illuHtrated 

^0 as 104. Non-invertod output sfgnaJ 102 is applied to 
a delay circuit 55 to produce; with a delay less than 
the du ration of a data bit* a non-invertod signal 1 06 
which Is applied to an inputtermtnal 56 of a NOR 
circuit 56, aucb as the other half of the ncOl dual 

65 OR/NOR integrated circuit Invorted signal 104 is 



applied without delay to an Input terminal 57 .of NOR 
B8. NOR 58 produces a positive output impulse 
signal only during those Intervals in which the 
signals applied to its input terminals 56 and 57 are 
70 both low, as illustrated by waveform 108,*Thus, 
Impulse ganorator 52 produces an Impulse output 
signaJ in response to positive going transitions of its 
Input signal. 

High speed ECI, logic cincuits such es 11C01 have 
75 tho outputtormlnal such as.62 internally coupled to 
the emitter of an output transistor, illustrated as 60, 
the collector of which is coupJodto ground. Siasfor 
operating transistor 60 In a non-saturating mode Is 
applied e)ctcrnally to terminal 62, 
80 The Impulse signals 108 produced by impulse 
generator 52 are applied from output terminal 82 for 
NOR circuit 58 to a cavity designated generally as 
70. As illustrated in Hgure 1, cavity 70 has been 
.sectioned to illustrate the interna) structure. Coaxial 
85 with g cylindrical outer conductor 72 of cavity 70 Is 
on elongated center conductar74. Center conductor 
.74 is physically supported at Its lowor end end ' 
short-circuited to outer conductor 74 by a 
conductTvo shorting plate illustrated as 76 which is 
90 orthogonal to the axis (not rliustrated} of outer 
conductor 72 and center conductor 74, ImpuFse 
signals from outputtormlnal 62 are applied byway ■ 
□fa .resistor 64 to a magnetic coupling loop 
illustrated as a wire 78 passing-through an aperture 
95 so in outer conductor 72. Magnetic coupling loof} 78 
is in effect a one turn primary .winding of a 
transformer, whicb includes cencer conductor 74 as 
• parc of a oneturn secondary winding. The impulse 
signals applied to input magnetic coupling loop 78 ' 
1 00 generate electromagnetic fields within cavity 70. 

The cavity is resonant at those frequencies for which 
the axial length of cuter conductor 72 and -center 
con duct or 74 corresponds to one-quarter 
wavelength. The physical length of cavity 70 
1 05 requirad for resonance may be reduced by a 

capacitor 3,6 coupled between the center and outer 
conductors at a location noarihe open circuited end 
of the cavity. Signals are coupled out of the cavity by 
an output coupling circuit designated generally as 
1 1 0 81 which includes a second magnetic coupling loop 
illustrated as a wire 82 which is connected to 
shorting plate 76 and passes through a second , 
aperture 84 in outor conductor 72. Tho oscillations 
coupled from cavity 70 by output couplfng circuital 
115 are applied to an ampiifier/limitor deaignatad 
- generally as 90 including a preamplifi0r92 and a 
limitBrcircuit94.Theympiifiedand limited 
□Eclllatlons are applied to a phase corrector 96 to 
correct for differences f n the del ay. between the 
120 direct signal path between data slicer 2 2 and data 
decision circuit40 and the path including clock 
recovery circuit 50. 

SiasfortrgnsistorBO of NOR gate 68 fs supplied 
from 0 bias terminal 89, in order to appfy the bias 
125 Signal without affecting high frequency portions of 
the circuit, bias terminal 89 Is connected through' an 
aperture 79 in shorting plate 76 to the lawer and of 
magnetic coupilng.lopp 78. Thus, the di root bias 
currant or voltage is applied through co upling loop 
130 78 and resistor 64to output terminal 62 of NOR 56 
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and to the emitter of translator SO. The lower end of 
magnetic coupling loop 78 fa effectively grounded to 
ehortlHH p(atc> 76 at the high frequencl9B of the 
impulses 108 by a capacitor 88, 
5 Ffgura 2 illustrates cavity 70 In somewhat tnoro 
detail than Figure 1. Figure 3 niustraxes In greater 
detail a slightly different embodiment of cavity 70 
which UGQ8 bulkhead connctorsfor provIdinQ 
contact to the magnetic coupling loops, and has 
10 otheralight modifications for ease of construction. 
In Figure 3, It can be seen that outer conductor 72 is 
a block having a cyltndricei bore 310. Shorting plate 
76 Includes a plato 312 having a portion 314 turned 
to fit within bore 3 10, A screw illustrated as 316 
1 5 retains shorting plate 76. Input magnetic coupJing 
loop 78 includes a wire 318 having Insulation 
Nlustrated es 320, both of which pass through a hole 
322 drilled through plate 76. Another hole 324 
drilled part way through plate 78 receives the end of 
20 a bare wire 3Z6 which is a pari of output coupling 
loop 82. Wire 326 is soldered into hole 324. Canter 
conductor 74 (s received In and supportod by a bore 
portion 330 of shorting plate 76, The ends of wiros 
318 and 326 remote from shorting plats 76 are 
25 mechanically fastened to and afffxad by soldering to 
tho canter conductors of standard coaxial panel 
connectors 340 and 342. As niustratad in Figure 3, 
capacitor 86 Is a piston capacitor having an end 350 
soldered to center conductor 74 and the opposite 
30 end threaded and afflxQd by fl nut 352 to a plate 354 
fastened to outer conductor 72. 

For operation wfth Manchester (Biphase M) coded 
data having a data rate of approximately 200 
IVlbit/sec, cavity 70 must be resonant at 
36 approximately 400 IVIegahertz (MH^), A suitable 
cavity was found to have the following dimensions. 



other than coaxial may be used. Electric probes 
65 ratherthan magnQtic coupling loops may be used to 
couple .to and from tho cavity. 



* Cavity length 4" ID cm. 

Cavity diameter 0.50" 1.26 cm.. 

Center conductor diameter 0.125" 2.54mm. 

40 Coupling loop Inngth 3,8 cm. 

In addition, re.sistor 84 was selected to havn ^ 
. roGistance of 120 ohms end the cavity output was 
optimized by adjusting 0,1 to 10 picofarad (Pf) 
capacitor 86 to about 4 Pf. 

45 Tho input and output coupling loops can be 
adjusted by moving wires 318 and 326 closer or 
farther from center conductor 74 as required to 
increase coupling or reduce loading on the cavity. 
The use of coupling loops allows an effective 

50 impedance transformation between the relatively 
low Impedance drive and output circuits and the 
very high impedance of the resonant cavity. This 
maintains high Q and therefore allows ringing to 
occur for a long period of time, evon tn the absence 

55 of continuous excitation. It was found that with 

Manchastor coding and a data rate of approximately 
20D Mbits/sec, the output signal from the cavity 
varied fn amplitude by a ratio of 2:1, an amount well 
within thacapability of llmitereo. 

60 Other cmbodimenta of the invention will be 

apparent to those sidlled In the art. For example, the 
cavity and associatod parts may be plated with gold 
or silver for improved conductivity. Cavity types 



CLAIMS 

1. A circuit for recovering at an output thereof a 
clock Pignal from a stream of bilevel digital data 

70 signals, comprising: an fmpulsegonorator coupled 
to receive said stream of date signals for generating 
impulse signals representative of at least some level 
• trancltfons in said data signals; and a recovery 
circuit coupled to receive .said impulse signals for 
75 producing at said output said clock signal; 
wherein: 

said recovery circuit includea a resonant cavity; 
and there are further Included; 
input coupling means coupled to aald Impulse 
80 generator and to said cavity for inducing a resonant 
field in aard cavity In response to said Impulse 
signalpand 

output coupling means coupled to said cavity and 
responelveto aald resonant field for manifesting 
85 said clock signal. 

2. A circuit according to claim 1 , wherein : 
said clock signal produced by said output 

coupling means is of amplitude varying in 
accordance wfth the information content of said 
90 data; and there Is further included 

amplitude stabilising means coupled botween 
said output coupling means and said output for 
stabilizing said variable amplitudo clock signal to 
produce a stable clock signal. 
95 3. A circuit according to Claim 1 , or 2 wherein said 
resonant cavity comprises; 
a cylindrical outer conductor having an axis; 
0 center conductor mounted coBxially within said 
outer conductor; and- 
100 short-circuitfng means coupling said inner and 
outer conductors together ata plane orthogonal to 
said axis. 

4* A circuit according to Claim 3, whafcin each of 
said Input and output coupling means comprises 
105 impedance transforming means. 

5. A circuit according to Claim 4, wherein said 
impedance transforming means of each of said 
Input and output coupling moans comprises a 
magnetic coupling loop. 
110 5, A circuit according to claim 4 or 6 further 

compriaing a tuning capacitor coupled to said outer 
conductor and to said centor cond uctor at a location 
remote from said short-circuiting moans. 
7. A circuit according to any preceding claim 
115 wherein: 

said Impulse generator includes a nonsaturated 
transistor having an emitter; and 

said input coupling means comprises a magnetic 
coupling loop coupled to said center conductor near 
1 20 said short-clrculting means; and a resistance 
serially coupled between eaid emftter of said 
transistor and said magnetic coup ling loop. 

a. A circuit according to Claim 7 and further 
comprising: 

125 a capacitor for providing an alternating current 
path through said magnetic coupling loop to said 
short-circuiting means; and 
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direct current bigs means coup led to said • 20 
. magnetic coupling loop for providing a eourca of 
bias to said amlner of eafd transFstor by way of RDirf 
reatstor. 

aAcircuitaccordingtoany preceding claim 
whereinsaid impulse? generator comprlaea; 25. 

poraphasB means cauplod to receive safd stream 
of digital data for generating in-phaseand pliase- 
Inverted data signals; 

delay means coupled to said pa rap base means for 
delaying one of said fr^-phase and phasa-invertod 30 
data signals by a duration less than the duration of 
ono bit of said digital data; and 

coincidoncD logic moans coupled at one input 
thereof to said paraphase means'for receiving the 
other of said in-phaae and phase-inverted data ' 35 
signals, and coupled at the other Input thereof to 
said delay means for recaiving the dabyad one of 
said in-phase and phase-Inverted data signals for 



generating said impulse signals at the output of said 
colncidenco logic moans, 

10, A clock signal recovery cIrcuU fn accordance 
With any procoding claim included in a rGcorvorfor 
modulated light signals, and uvhoroin said recerver 
compHsBs: 

a detector coupled to receive said light signals for 
generating electrical signals in reaponseto said light 
signals; a data slicor coupled to sard detectorfor 
comparing said Blactricol signals with a reference 
signal for generating said data signals; and 

a data doclafon circuit responsive to said data 
signals from said data slicerand to safd clocfc 
signals from said clock signal raGovery circuit for 
recovering data from aafd data signal, 

11. A clock recovery circuit, or optical signal 
receiver incorporating the same, substantially as 
hereinbefore doscrrbod with reference to the 
accompanying drawings. 
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